Abstract. Identifying the local letters of a Navon letter (a large letter made up of smaller different letters) prior to recognition causes impairment in accuracy, while identifying the global letters of a Navon letter causes an enhancement in recognition accuracy (Macrae & Lewis, 2002) . This effect may result from a transfer-inappropriate processing shift (TIPS) (Schooler, 2002) . The present experiment extends research on the underlying mechanism of this effect by exploring this Navon effect on face learning as well as face recognition. The results of the two experiments revealed that when the Navon task used at retrieval was the same as that used at encoding then the performance accuracy is enhanced, whereas when the processing operations mismatch at retrieval and at encoding, this impairs recognition accuracy. These results provide support for the TIPS explanation of the Navon effect.
Introduction
Law enforcement officers have regarded asking an eyewitness to provide a verbal description of the perpetrator shortly after they have witnessed a crime as standard protocol for centuries (Meissner, Brigham, & Kelley, 2001; Meissner & Memon, 2002) . In the eyes of the police, this description is vital to a criminal investigation, as it may facilitate the arrest and identification of a suspect (Kitagami, Sato, & Yoshikawa, 2002; Meissner et al., 2001 ). Indeed, a substantial amount of past research has shown that verbal elaboration and rehearsal has positive benefits on memory performance (for a review, see Schooler & Engstler-Schooler, 1990 ). Schooler and Engstler-Schooler (1990) , however, established that providing a detailed description of the perpetrator can impair subsequent recognition performance, a phenomenon that has been labelled ''verbal overshadowing'' (VO). Participants viewed a 30 s video, and then they were randomly assigned to either the face verbalisation or the control condition. Those in the face verbalisation condition were asked to provide a detailed description of the perpetrator's face, while those in the control condition participated in an unrelated filler task. Finally, the participants were asked to identify the perpetrator from a photo line-up, which consisted of the perpetrator and seven verbally similar distracters. Participants in the face verbalisation condition correctly picked the perpetrator out of the identification line-up on 38% of occasions, whereas those in the control condition correctly picked out the perpetrator 64% of the time. Thus, the results show the deleterious effects of VO, as the participants who described the perpetrator's face were significantly less likely to identify them from the photo line-up compared to the control participants who performed an unrelated filler task. Macrae and Lewis (2002) suggested that verbally describing a previously seen face may not be a necessary precondition to cause impairment in a subsequent line-up identification. They hypothesised that a variety of other factors that do not involve participants verbalising a complex visual stimulus may also induce this impairment in recognition performance. In order to test this hypothesis, Macrae and Lewis developed a new methodology. Rather than asking the participants to verbally describe a complex visual stimulus (e.g., a robber's face), they introduced a task that elicited either a global or local processing orientation, specifically, a Navon letter identification task. A Navon letter (Navon, 1977) is formed from a small letter repeated to form a different large letter. The Navon letter identification task requires the participants to identify either the global (large) letter shape or the local (small) letters of a Navon letter.
In the experiment of Macrae and Lewis (2002) , the participants viewed a 30 s video clip of a simulated bank robbery, and then they were randomly assigned to one of three conditions: Global Navon processing, local Navon processing or control. The participants in the global Navon processing group identified the global letter of the Navon letter, while those in the local Navon processing group identified the local letter of the Navon letter. The participants in the control group performed an unrelated filler task. Finally, they were asked to identify the perpetrator from a photo line-up. The results showed only 30% of the local Navon processing group correctly picked out the perpetrator from the line-up, in contrast to 63% of the control group and 83% of the global Navon processing group. Thus, when the participants engaged in local processing, their performance on the recognition test was impaired, however when they engaged in global processing, their performance was enhanced. Perfect (2003) replicated the experiment of Macrae and Lewis (2002) but one group processed local Navon letters followed by global Navon letters, while the other group processed global Navon letters followed by local Navon letters. Thus, tasks of both groups corresponded in overall difficulty. The results were similar: Only 43% of the global-local Navon processing group correctly picked out the perpetrator from the line-up, compared with 70% of the control group and 80% of the local-global Navon processing group. Thus, from the results, it is the last task that the participants engage in that has an effect on recognition accuracy. The practical advantage for the observed effect was further demonstrated by Perfect, Dennis, and Snell (2007) .
One explanation that has been offered for the VO effect is the transfer-inappropriate processing shift (TIPS) hypothesis (Schooler, 2002) . According to the TIPS hypothesis, face recognition performance will be most effective when the same cognitive processes are used at retrieval that was used at encoding (see Roediger, 1990) . Faces are naturally encoded using configural processing (Rhodes, Brake, & Atkinson, 1993) , thus performance will be most effective if the participants also engage in configural processing at retrieval (Schooler, 2002) . However, if the participants do not use the same cognitive processes at retrieval that they used at encoding, performance at the recognition test will be impaired. Indeed, when the participants engage in a verbalisation task after encoding and prior to retrieval this causes a processing shift from configural to featural processing, which may be inappropriately carried over for use at retrieval (Schooler, 2002) . This shift in processing causes the observed impairment in recognition performance because featural processing is a different processing strategy during face recognition than configural processing.
A second hypothesis, however, is that local processing leads to faces being processed in a featural manner. There is plenty of evidence to support that this featural encoding of faces is poorer than more holistic strategies (Leder & Bruce, 2000; Lewis & Glenister, 2003; Tanaka & Farah, 1993) . According to this hypothesis, it is not a mismatch of strategies between encoding and retrieval that leads to poorer recognition but rather the use of a strategy at recognition that would be poorer regardless of how the faces were first encoded.
The TIPS hypothesis account for VO (either version) can explain the findings of both Macrae and Lewis (2002) and Perfect (2003) , in that replacing the verbalisation task with a Navon letter identification task can induce an effect similar to that found in the standard VO experimental paradigm. According to the TIPS account, when the participants identify the local letter of the Navon letter, this causes a shift in processing from configural to featural processing and this mismatch between processes engaged at encoding and retrieval produces a reduction in performance accuracy.
A direct test of the TIPS hypothesis would be to test recognition performance for faces when they had been encoded following a local Navon task. Recognition of such faces should be predicted to be better if the participant performs a local Navon task prior to testing rather than a global Navon task (i.e., the direction of the standard Navon task would be reversed). The experiments presented here tested this situation and compared it with the situation where faces had been encoded following a global Navon task. This is not the first time that the Navon effect on the encoding of faces has been conducted. In a paper just published, Weston, Perfect, and Schooler (2008) report an experiment (their Experiment 1) in which the participants did a Navon letter task prior to encoding eight faces. Recognition was later tested for those faces following a second Navon task. That experiment found no effect of the task prior to encoding whereas a Navon effect at retrieval was found on recognition accuracy. The faces that had been learnt following local letter processing did not show a recognition advantage when the participants did the same task just prior to the recognition test. If this result were robust then it would mean that the local letter Navon task has the effect of switching face processing to a suboptimal strategy rather than there being a mismatch of strategies between encoding and retrieval. The matching of strategies at encoding and retrieval is not sufficient to overcome the fact that the strategy is suboptimal for face recognition.
The failure to find a Navon effect at encoding in the experiment of Weston et al. (2008) can be explained differently. In order to understand how, it is necessary to consider the methodology in more detail. During encoding, there was a Navon task, either local or global, followed by eight faces presented simultaneously. During retrieval there was a Navon task and then 4 two-alternative-forced-choice face recognition tests. When these were analysed for an effect of Navon task, no effect was found. Only by looking at the first test faces (out of the series of four) did a significant global processing advantage occur. This demonstrates the transient nature of the effect. If the Navon effect is only present for the first one or two faces after doing the task, then this has consequences for the encoding part of the experiment. During encoding, the participants could look at any of the eight faces in any order and multiple times. After looking at the first two faces for the first time it is likely that any effect of the Navon manipulation will have worn off. During test, there is only a one in four chance that one of the faces that the effect could have affected would be used in the data analysed. Further, it is not clear whether going back to look at a face again once the Navon effect had worn off would remove the original encoding effect. Consequently, even if there were a strong Navon effect at encoding then the nature of the design used in the experiment of Weston et al. would mean that it would be considerably weaker than the retrieval effect where the target used was always the first one after the Navon task (even in these optimised conditions the p value for the global/local contrast was .04 at retrieval). Given this design, one would not expect to find a Navon effect at encoding unless it were much stronger than the effect at retrieval.
In the experiments presented here, it was considered important to provide encoding and retrieval each with a fair chance of demonstrating a Navon effect. In order to do this, a method of conducting the Navon manipulation was used such that faces always followed a series of at least four Navon stimuli at both the encoding phase and the retrieval phase.
A typical experiment used to show the Navon effect in face recognition requires about 80 participants and even then it is very sensitive to a variety of variables (Lawson, 2007 failed to find the effect in her studies). In order to reduce the required number of participants and to improve the reliability of the experiment, a new paradigm involving multiple recognition trials was employed (inspired by Brown & Lloyd-Jones, 2002 VO experiments) . This paradigm has already been used effectively by Hills and Lewis (2007) to investigate the Navon effect on face recognition.
Experiment 1
This experiment explored the Navon effect on face recognition where the Navon-letter-processing manipulation was made at both the encoding phase and the retrieval phase of the face recognition task. In addition, an attempt to include a control condition, which did not include Navon stimuli, was made.
Method Participants
Participants were 90 undergraduates (72 females and 18 males) from the Department of Psychology at Cardiff University between the ages of 18 and 38 years. All had normal or corrected-to-normal vision and participated in this experiment as partial fulfilment of a course requirement. The participants were randomly assigned into one of the nine conditions (Global e -Global r , Global e -Local r , Global eControl r , Local e -Global r , Local e -Local r , Local e -Control r , Control e -Global r , Control e -Local r or Control e -Control r ) thus making 10 participants per condition. The subscript e refers to the task before the encoding part of the experiment whereas the subscript r refers to the task before the retrieval part of the experiment.
Materials
A set of 125 Navon letters were created using Adobe Photoshop TM software. The small letters are black presented on a white background, font courier, size 14. An example is shown in Figure 1a . A set of control letters were created using Adobe Photoshop TM software. The control letters were the 26 letters in the alphabet (A-Z) and were solid black letters presented on a white background, font Times New Roman, size 190. An example is shown in Figure 1b .
Twenty-eight photographs were selected from the psychological image collection at Stirling (PICS). The photographs were black and white frontal headshots of 14 Caucasian men and 14 Caucasian women between the ages of 18 and 30 years. The photographs were presented such that the height of the face was 80 mm and showed only the face to prevent any clothing or parts of the background being used as cues for recognition. Furthermore, all faces showed neutral expressions and did not have any distinctive feature (such as piercing or tattoos); again to prevent recognition being influenced. All stimuli were presented in the centre of the screen using an RM PC on Superlab 3 TM software.
Design
A 3 · 3 between-subjects design was used. The first independent variable was the type of processing that the participants engaged in prior to encoding of the faces (Global e , Local e or Control e ). This was manipulated by asking the participants to identify the global Navon letter, the local Navon letter or a control letter, respectively. The second independent variable was the type of processing that the participants engaged in prior to retrieval of the faces (Global r , Local r or Control r ). Again this was manipulated by asking the participants to identify the global Navon letter, the local Navon letter or a control letter, respectively. The dependent variable was the accuracy of face recognition in a multiple face presentation paradigm measured by hit and false alarm rates and subsequently converted into a signal detection theory measure of discriminability. The presentation of the Navon stimuli, the control letters and faces within any section of the experiment were randomised between the participants.
Procedure
The experiment was structured in four stages that were immediately consecutive.
Stage 1: Navon or Control Task Prior to Encoding of Faces
The participants were shown three examples of a Navon letter or a control letter on the screen while their task was explained depending on their encoding condition. The Global e participants had to name out loud the large Navon letter; the Local e participants had to name the small letters and the Control e participants saw the control letter and had to name that letter. Subsequently, 60 Navon or control letters were presented sequentially on the screen. Each letter was presented for 5 s; thus Stage 1 lasted for 5 min. 
Stage 2: Encoding of Faces
Immediately following Stage 1, the participants were told to carefully study a series of faces. Fourteen target faces (7 males and 7 females) were presented sequentially on the screen for 3 s each. In between each of the faces, a sequence of four Navon or control letters was presented. The participants performed the same task for these letters as they did in Stage 1 depending on their encoding condition. These stimuli were used to attempt to maintain any style of processing that may have been generated at Stage 1.
Stage 3: Navon or Control Task Prior to Retrieval of Faces
This stage was identical to Stage 1 although the instructions and the stimuli were guided by the retrieval condition in which the participants were placed in (i.e., Global r , Local r or Control r ) so that the encoding conditions and retrieval conditions varied in the factorial design.
Stage 4: Retrieval of Faces (Recognition Test)
Immediately following Stage 3, 28 faces (14 target faces as seen in Stage 2 and 14 previously unseen distracter faces) were presented sequentially on the screen in a random order. The participants had to indicate whether or not they had seen that face in a previous stage of the experiment using two keys. Each face stayed on the screen until the participants made their decision and responded using the appropriate keys on the keyboard. In between each of these test faces, a sequence of four Navon or control letters was presented. The participants performed the same task for these letters as they did in Stage 3 depending on the encoding condition. These stimuli were used to attempt to maintain any style of processing that may have been generated at Stage 3.
Results
Signal detection theory was employed to convert hits, misses, false positives and correct rejections into a measure of accuracy for each participant. The measure used, d 0 , is defined as the difference of the inverse of the normal distribution function for hits and false positives (Macmillan & Creelman, 1991) although we also employed the transformation recommended by Snodgrass and Corwin (1988) for dealing with low error rates. Raw accuracy data as well as the signal detection derivatives from these are presented in Table 1 although the following analyses were conducted only later.
The results in terms of discrimination accuracy are illustrated in Figure 2 , which shows a range of findings. First, when the faces are encoded in the Control e or the Global e conditions, performance at the recognition stage is affected by the retrieval condition in line with the standard Navon effect. That is, global processing just prior to retrieval leads to better performance than local processing just prior to retrieval. This pattern does not replicate for the participants who encoded the faces in the Local e condition. These participants show greater accuracy on recognition when retrieval follows a local processing task.
A 3 · 3 between-participants analysis of variance (ANOVA) was carried out on the recognition accuracy data. There was no main effect of encoding, F(2, 81) = 0.441, MSE = 0.209, p = .645. However, there was a main effect of retrieval, F(2, 81) = 3.368, MSE = 1.595, p < .05 and a significant encoding-by-retrieval interaction, F(4, 81) = 3.349, MSE = 1.587, p < .01. Simple main effects were conducted. When the data were analysed by encoding condition, there was a simple main effect of retrieval condition in the Control e condition, F(2, 27) = 4.412, MSE = 1.482, p < .05 and Global e condition, F(2, 27) = 3.927, MSE = 2.628, p < .05, but not the Local e condition, F(2, 27) = 1.583, MSE = 0.659, p = .224. When the data were analysed by retrieval condition, there was no simple main effect of encoding in the Control r , F(2, 27) = 0.451, MSE = 0.261, p = .642 or Global r conditions, F(2, 27) = 2.365, MSE = 1.146, p = .113, but there was an effect of encoding in the Local r condition, F(2, 27) = 5.524, MSE = 1.975, p < .01.
In order to focus more clearly on the hypotheses, an alternative analysis was conducted on a subset of the data. A 2 · 2 between-participant ANOVA was carried out on the recognition accuracy data using only those forty participants who did not see a control condition. The first independent variable was whether the encoding condition and retrieval condition were the same or different. The second independent variable was Analysis of the criterion of discrimination (beta) was also conducted in order to assess whether the manipulation leads to a shift in the criterion of response. This analysis revealed no significant effect either for the 3 · 3 analysis (largest F(4, 81) = 2.1; ns) or the 2 · 2 analysis (largest F(1, 36) = 1.996; ns).
Discussion
The first point to note regarding the results is that the standard Navon effect has been replicated. In the Control e condition, processing the global letter of the Navon letter prior to recognition task leads to more accurate performance than processing the local letters of the Navon letter. While this replicates Macrae and Lewis (2002) and Perfect (2003) , the paradigm is quite different from those studies. The paradigm involved a repeated series of old/new judgements at test while the global or local Navon task was continued between recognition judgements. One clear benefit of this paradigm is that it allows the Navon effect to be tested with many fewer participants than in the more traditional single line-up procedure (10 rather than 80 participants per condition). This benefit allows for more subtle aspects of theory to be tested using a reasonable number of research participants.
The main aspect of theory being tested in the current study is whether the Navon effect is a consequence of a change in processing style between encoding and retrieval or a switch to a less efficient processing style at test regardless of style at encoding. If the Navon effect is due to just a change in style (leading to a mismatch), then one would expect that changing the style of processing at encoding to a local style would remove or reverse the Navon effect such that performance will be better for local style processing at retrieval than for global style processing. This is indeed what the results show with the Navon effect significantly changing across encoding conditions and there being a trend towards a reverse Navon effect for faces encoded in a local style of processing. Further, the analysis where whether the encoding and retrieval conditions are the same or not demonstrates a significant and large detriment to performance when the conditions are mismatched over when they are matched.
If the Navon effect is due to a change in processing style at retrieval to a style that is, suboptimal for faces, then one would expect to observe a detriment in accuracy for local processing at retrieval over global processing even where the match between encoding and retrieval is maintained. While the results do show a trend in this direction with Local e -Local r producing poorer performance than Global eGlobal r , this effect does not approach significance and is much smaller than the effect of mismatching conditions. On top of this main finding, the results also offer one further intriguing insight. Careful examination of the results reveals that the effect, relative to control condition, is greater throughout for the retrieval manipulations rather than for the encoding manipulations. For example, the increase in performance over Control e -Control r of the condition Control eGlobal r is greater than the increase of the condition Global e -Control r . A further example is that the decrease in performance from Control e -Control r to Control e -Local r is greater than the decrease of the condition Control e -Control r to Local e -Control r . It would appear therefore that the effect of the Navon task is slightly greater at retrieval than at encoding. While we cannot at this point rule out an order effect, this finding does provide a further possible insight into the effect viewing Navon letters has on face processing.
Experiment 2
One difference between Experiment 1 just presented and the more typical investigation into face recognition is that the same faces were used at encoding and at test. Bruce and Young (1986) make the case that an experiment conducted in this way may tell us more about picture matching than face recognition. In order to replicate the main finding and to determine whether it is a feature of face processing, a second experiment was conducted in which the faces at encoding were a different view of the same person as was used at retrieval.
Method Participants
The participants were 40 undergraduates (38 females and 2 males) from the School of Psychology at Cardiff University between the ages of 18 and 25 years. All had normal or corrected-to-normal vision and participated in this experiment as partial fulfilment of a course requirement. The participants were randomly assigned into one of the four conditions (Global e -Global r , Global e -Local r , Local e -Global r or Local e -Local r ,) thus making 10 participants per condition. The subscript e refers to the task before the encoding part of the experiment whereas the subscript r refers to the task before the retrieval part of the experiment.
Materials
The same set of 125 Navon letters as that used in Experiment 1 was used. Twenty-eight identities were selected from a face database. For each identity, two colour frontal headshots were used which showed two different expressions. None of the faces had any distinctive feature (such as piercing or tattoos).
Design
A 2 · 2 between-subjects design was used. The first independent variable was the type of processing that the participants engaged in prior to encoding of the faces (Global e or Local e ). The second independent variable was the type of processing that the participants engaged in prior to retrieval of the faces (Global r or Local r ). The dependent variable was the accuracy of face recognition in a multiple face presentation paradigm measured by hit and false alarm rates and subsequently converted into a signal detection theory measure of discriminability.
Procedure
The procedure employed was the same as in Experiment 1 except that the images used in encoding were a different expression of the same person as was to be used at the retrieval phase. The participants always experienced a Navon manipulation prior to encoding and retrieval, and this manipulation was maintained between presentation of the faces as in Experiment 1.
Results
The recognition performance measure was converted into a d 0 accuracy measure and beta criterion as in Experiment 1 although the data in terms of hits and correct rejections are displayed in Table 2 . The results from Experiment 2 can be seen in Figure 3 , which shows higher accuracy when the Navon manipulation was the same at encoding and at retrieval than when the manipulation was different.
A 2 · 2 between-participant ANOVA was carried out on the recognition accuracy data. The first independent variable was whether the encoding condition and retrieval condition were the same or different. The second independent variable was whether the retrieval condition was Local r or Global r . Results found a significant advantage for same conditions over different conditions, F(1, 36) = 20.544, MSE = 6.669, p < .01. The effect of the retrieval condition was not significant, F(1, 36) = 1.227, MSE = 0.398, p > .05 and neither was the interaction, F(1, 36) = .462, MSE = 0.150, p > .05. A similar analysis conducted on the criterion measure revealed no significant effect although the same/different comparison approached significance, F(1, 36) = 3.933, MSE = 0.166, p = .055. Figure 3 . Recognition accuracy in the four conditions as represented by d 0 measures. The data are split according to the Navon letter task prior to encoding and prior to retrieval. White bars represent where the two tasks were matched whereas black bars represent a mismatch in the tasks. Error bars represent standard errors.
Discussion
Experiment 2 represents a replication of Experiment 1 with the additional property that different images of the same person were used at encoding and at retrieval. The findings of the experiment are that again it is the matching of the processing style between encoding and retrieval that determine recognition accuracy. Recognition accuracy is greater where there is a match in processing style than where there is a mismatch in processing style.
Interpreting the results in this way suggests that we can conclude that the standard Navon effect is due in most part to the mismatch between the default processing style employed for processing faces and the style that is evoked following a local Navon task. The fact that the local Navon task may evoke a processing style that might be suboptimal for faces is not strongly supported by the data and if true contributes a much smaller component to the Navon effect than does the mismatch element.
General Discussion
The two experiments presented above provide convergent evidence regarding an explanation behind the Navon effect on face recognition. Each experiment demonstrates that the Navon effect of reduced recognition accuracy after a local Navon task can be reversed if encoding followed a local Navon task. In this way, it is a match between the context of encoding and retrieval that is important for accurate recognition. In the absence of any Navon task at encoding, the default face processing style is more similar to the style that can be evoked by the global Navon task than the local Navon task. The typical face recognition tasks that demonstrate an advantage for global processing (e.g., Macrae & Lewis, 2002) do so because the encoding style is most similar to the style evoked by global Navon encoding and so local processing leads to a mismatch in styles and hence a deficit in recognition accuracy.
In conclusion, the experiments investigated the effect that a local or global Navon task had on either face encoding or face retrieval. This tested the TIPS explanation of the Navon effect. It was found that the face recognition detriment was produced when there was a change in processing styles between encoding and retrieval rather than just the adoption of an untypical and potentially suboptimal style.
